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rr — ^ aieang for d own stream processing. 

The present invention is related to the field of 
separations in fluidized beds- and to beads of a polymer, 
especially a polysaccharide, into which glass or silica 
Nicies! especially ^artz particles have been incorporated, 
Ld the use of these beads as carrier matrices m stabilized 
railed bed systems, which are characterized by having a low 
extent of axial dispersion. 

It is known that solid entities may be kept suspended 
above a solid support by bringing the solid entities into a 
fluid medium (gas or liquid) which is flowing in opposite 
direction relative to the gravitational field. A number of 
particles placed in such a stream of flowing medium in a 
confined space, such as a cylindrical vessel <~*™>' » 
commonly referred to as a fluidized bed provided that the 
particles stay resident in the confined space. This is 
achieved by balancing the gravitational force versus the 
frictional, lifting force, exerted by the fluid stream on the 

solid particles. 

Fluidized beds have been used as an efficient means of 
bringing solid particles in contact with a fluid phase. The 
relatively high fluid velocities, relative to the particles, 
allow for efficient mass and heat transfer. Consequently, 
fluidized beds have been used for combustion and for 
adsorption processes. Fluidized beds have also been used for 
culturing of microbial plant or animal cells m so called air 
lift reactors. In this case nutritients and dissolved oxygen 
are brought to the cells and waste products are removed from 
the cells efficiently because of the efficient mass transfer 

Minor irregularities in the flow field in a fluidized bed 
cause translational movements of the particles. Over a certain 
time, there is the same probability that a certain P-t^« 
roay be found at any position within the confined space of the 
fluidized bed. Here, this effect is referred to as back-mixing 
or a large degree of axial dispersion. The back-mixing is 
advantageous when it is desirable to achieve a homogeneous 
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composition of the fluid and solid phases in the entire 
fluidized bed. However, for adsorption processes, a 
homogeneous composition is not necessarily advantageous. 

in fact, it is possible to obtain a lower concentration of 
a solute in the effluent fluid if there is no back-mixing than 
there is with back-mixing in the confined space of the 

fluidized bed. 

in order to prevent complete back-mixing, it has been 
shown (Buijs (1980)) that screens inserted into the fluidized 
bed result in a compartmentalization of the bed. 

The density, viscosity and the velocity of the fluidxum 
and the diameter and density of the solid entities* affect the 
balancing of frictional versus gravitational forces (Lydersen 
(1979)). Much lower fluid velocities must be used with liquids 
than with gases because of the higher densities and 
viscosities of liquids. In order to reduce mass transfer 
resistances and to increase through-put (the liquid feed-rate) 
one may wish to use higher flow rates than those which may be 
balanced by the gravitational field only. This is possible by 
applying a third force onto the solid entities. The latter 
force may be induced by a magnetic field applied to a bed 
containing ferro- or paramagnetic particles. Such magnetically 
stabilized fluidized beds have been described (see for 
instance Burns (1985:1 and 1985:2)). The heat generated by 
such a system for stabilizing the bed is a clear disadvantage 
and makes the method less useful especially in temperature 
sensitive biomolecular systems, even if various coolxng 
systems are available. The need for equipments for generating 
a magnetic field and for cooling the system increases the 
process costs considerably. 

Particles with relatively lower density and diameter move 
upwards in the fluidized bed. Consequently, it is possible to 
feed an unclarified liquid into a fluidized bed containing 
large diameter and/or high density adsorbent particles without 
accumulation of solids from the feed in the fluidized bed. The 
relatively smaller and/or less dense particles originating 
from the feed stream will be washed out with the effluent 
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, • -h flow-rate is chosen properly. Thus it 
provided that the liquid flow rate starting 

is possible to improve an * e d since time, 

with an unclarified feed by using a '^^^ step are 
costs and yield reduction caused b ! ^ 
avoided. However, since a fluidized » effic ient 

adsorber than a pacKea d racked bed is more 

> .second reason why the pacKea oeu 

multi-step adsorber. fiuidized bed, may, on 

l single step -^J^ evidently « the 

theoretical grounds, be «P e = te ° , ffinity for e solute, 

stream. The -J^^^ "lill all the 
separates » a »"<^ ; „ so far has b een that 

demands rarsed by the users, ° P the 

^.rrrthe sample molecule .ight 
di££ usion distances, have high density, controlled hxgh 

biomolecules. b designed, 

„s have now unexpectedly "^^J^Ll beds and 
Which combine the =«antageous property O P ^ 

fluiai ,ed beds. " nse , na/or rela tively 

provided Whrch allow bed „ lth the upuar d 

r iisrsr-'sr- r; - —ion ta 

particle the probability to fxnd xt xn a P 
high only in a limited volume being a minute 
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total bed volume. By keeping the particles resident locally, 
back-mixing is prevented, thereby reducing axial dispersion 
and allowing for multistep adsorption without insertion of 
screens or similar devices. 

Furthermore, the beads of the invention are kept suspended 
in upward flowing liquids without the need for application of 
heat generating magnetic fields or use of ferro- or 
paramagnetic additives to the adsorbent particles. In the 
following the beds achieved when using the actual particles 
are referred to as stabilized or unmixed expanded beds, which 
are characterized by having negligible axial dispersion. The 
axial dispersion is often expressed by the vessel dispersion 
number (for a definition see Levenspiel (1972)) which in a 
stabilized bed should be less than about 75xl0~ 3 , and 
especially less than 20xl0~ 3 . 

The beads according to the invention comprises a polymer 
matrix into which glass or silica particles, preferably quartz 
particles are incorporated. The beads may be porous as well as 
non-porous. The diameter is 100 -1000 fim, preferably 100 - 
500 Mm, and spherical beads as well beads of an irregular 
shape may be used, even if spherical beads are preferred as 
discussed below. The density of the beads is typically 1.10- 
1.50 g/ml, for instance around 1.15 g/ml (the values are given 
for hydrated beads) . 

The polymer is synthetic, for instance from mono- or 
polyvinyl monomers like acrylates, metacrylates or 
vinylbenzenes, or of natural origin, preferably a 
polysaccharide, for instance agarose, starch, cellulose or 
derivatives of these, optionally crosslinked for the desired 
rigidity and pore distribution. 

The glass or silica particles to be incorporated are 
preferably in the range of from 1 - 100 urn and may be 
spherical as well as of an irregular shape. The amount of 
silica particles incorporated into the polymer particles is in 
the range of from 5 - 50 % of the weight of the wet final 
particle. In a preferred embodiment of the invention quartz 
particles are utilized. 
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One important characteristic of a carrier matrix to be 
used in down stream processing is that it is stable to the 
various solutions used for instance in reconditioning steps. 
Several applications require .a strongly alkaline medium to be 
used for reconditioning and this has been found to be fatal to 
the prior art carrier matrices earlier tested. Especially in 
cases when the flow through the bed during the elution step is 
reversed to give a packed bed, even minor changes of the 
support matrix might cause serious problems resulting in lower 
yields, etc. In this elution technique spherical beads are 
preferred for improved elution capability. The reasons for 
this are well known to those skilled in the art. 

In this aspect of the invention the beads are used in a 
separation system of the type schematically shown in Fig 1, 
especially adopted for recovery of products from a culture 
medium, including for instance cell wall particles and other 
waste products after lysis of the bacteria or other hosts that 
have been used. 

The major components of the system are: pumps P1-P3 
(supplying the appropriate solutions), valves V1-V3 , sample 
container S, column C, containing a flow distributor D at the 
bottom and an adjustable upper adapter (not shown) , and a 
fraction collector FC. 

Fig la shows the system in the fluidized bed mode during 
which the desired component is bound to the gel and separated 
from other components. A solution is pumped by P2 into the 
column, containing the beads, which have been derivatized to 
bind the component to be purified, for creating a stabilized 
fluidized bed and for creating appropriate conditions with 
regard to pH, ionic strength, etc. The outflow from the column 
is connected to waste. The valve VI is next switched so that 
the sample solution is pumped by PI into the column, under 
conditions so that a stabilized fluidized bed is maintained. 
When the sample has been transferred to the column, valve VI 
is switched so that a washing solution (via P2) is fed into 
the column. After the fluidized bed has been thoroughly 
washed, and unbound components like cell particles etc have 
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been eluted to waste through the top of the column, the first 
phase of the procedure is finished. 

In Fig lb the flow through the column is reversed for 
elution of the bound sample components. The valves have been 
switched so that the flow is from P3 via the column to the 
fraction collector FC. After the bed has been allowed to 
settle, and optionally further converted to a packed bed by 
moving the upper adapter down to the bed surface, a suitable 
elution solution is via P3 introduced into the bed whereby the 
desired component is released and collected. The upper 
adapter, which is of the traditional type found in a great 
number of columns for chromatography, is adjustable to a 
desired position in the column and contains a net to prevent 
beads to pass . 

in an alternative embodiment of the invention elution of 
the column is carried out in the fluidized mode by introducing 
the elution solution via pump P2 into the column and 
collecting the sample constituents released from the beads 
with a fraction collector connected to the upper outlet of the 
column (replacing waste in Fig la) . In this case there is no 
need for a movable upper adapter in the column. 

Of crucial importance for obtaining the stabilized beds of 
the invention is the way the solution is introduced into the 
column. The solution must be egually distributed over the 
cross sectional area of the column and in order to achieve 
this a distributor is utilized. The distributor could 
typically be a perforated plate on the upper side (the gel bed 
side). It need not to be mentioned that the holes in the plate 
must be great enough to allow all sample constituents to pass 
or otherwise clogging would disturb the procedure. The 
pressure drop over D must for each combination of flow 
velocity, viscosity, particle size etc, exceed a given value 
since otherwise flow channels with low flow resistance and 
accordingly high flow are created in the bed. The ratio 
between the pressure drop over the distributor and the bed 
should therefore exceed 3 % and preferably 10 %, with much 
higher values, such as up to 50 %, 500 % and even 2000 % being 
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typical in an optimized system. The. total cross sectional area 
of the holes is typically about 0.005 to 10 %, especially 
0.005 to 3 %, of the total area of the plate. 
If a conical distributor is used the need for a certain 
pressure drop in the distributor is less pronounced for 
obvious geometrical reasons and values below those indicated 
above are accessible. 

The dimensions of a column to be used in a process 
according to the invention cover a broad range of values, for 
instance a diameter from 1 cm up to 1-2 meters and a length of 
about 10 cm to 10 meter, depending on the type of separation 
to be carried out and on what scale it is to be done. An 
important finding is that considerably shorter columns can be 
used in the stabilized fluid bed process compared to the non- 
stabilized prior art systems. The process is accessible for 
flow velocities around at least 50-3000 cm/h, even if values 
of about 100-500 cm/h are most frequently used. During elution 
the flow is normally 5-500 cm/h, and in particular 50-200 
cm/h. 

The method can as mentioned above be used in systems 
containing also solid particles like precipitates and cell 
wall constituents from cell culture media. In traditional 
chromatographic systems this type of impurities requires one 
or more prepurif ication step. This is accordingly one of the 
major advantages of the claimed method in that bacteria or 
yeast homogenates as well as blood, urine etc from humans or 
animals can be introduced directly into the column. 

It has been found that in systems containing considerable 
amounts of particulate impurities clogging might occur in the 
upper adapter. This can easily be avoided if the flow through 
the column is occasionally reversed during the adsorption 
phase. An intermittent flow reversal of about 10-2 0 seconds 
every 15th minute has been found to eliminate the problem. 

In a typical example a culture medium with a pH value of 
about 7 and containing immunoglobulins is fed as illustrated 
in Fig. la to a column containing beads derivatized with 
protein A which will bind IgG. Waste components, including 
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particles, are washed away with a neutral buffer, the flow xs 
reversed and when the packed bed has been formed the pH of 
the elution buffer is decreased to about 3 and IgG xs eluted 
through the bottom of the column, in the mode illustrated xn 

^he invention is accordingly in one aspect related to 
support beads for use in down stream processing, such as 
fluidized bed separations, comprising a polymer matrxx, xnto 
which silica particles have been incorporated. The polymer xs 
preferably a polysaccharide, for instance agarose, 
cellulose or derivatives of these, optionally crosslxnked for 
the desired rigidity and pore distribution. The beads are xn 
the range of from 100-1000 pm, preferably 100-500 M* and wxth 
glass or silica incorporated into the polymer partxcle xn the 
range of 5 to 50 % of the weight of the wet final P^-le 
The silica material used is for instance quartz, the latter 
being preferred at the moment. The invention is further 
related to the use of such beads in an expanded fluxd bed 
system for separating various components from a Ixguxd 
containing the desired component. 

When preparing the agarose base matrxx materxal whxch xs 
the at present preferred bead matrix, an agarose solution 
containing the guartz particles is emulgated in the presence 
of a thickening additive, as further exemplified below. 

The emulsifying agent should be a low molecular wexght 
surface active compound and could be ionic or nonionxc, for 
instance Span 20, Gafen LB-400 or another agent known xn thxs 

art " The thickening agent should be soluble in the dispersion 
medium and could be selected among hydrophobic polysaccharxde 
derivatives. The preferred agent at the moment is ethyl 

cellulose . , 

in order to further stabilize the beads the polymer chaxns 
in the beads may preferably be crosslinked in a manner known 
per se. In case a polysaccharide like agarose is used the 
beads could for instance be suspended in a solution contaxnxng 
a crosslinking agent like a bisepoxide or a halohydrxn under 



SUBSTITUTE SHEET 



PCT/SE92/00255 

WO 92/18237 



„ 1 . T , v ; nfl 0 f adjacent chains in the 
conditions to give crossl inking or a j 

agarose matrix (Porath (197D). 

Agarose heads, as well as crosslink agarose beads have 
b een used in a great number of chromatographic applications 
anl there is an extensive literature describing various 
Tethods for derivatizing the beads for use in ion exchange 

for preparing a support ™^^°[™\ 0 . w ^ for 

The invention is in another aspect reia 
separating sample components by the use of a stabilised 
fluidized bed. 

The method comprises the steps of 

LLing a column for fluidized liguid hed processes wxth 
oarticles derivatized to bind a desired component, 

! condoning the particles with a solution under conditions 

so that a stabilized fluidized bed is created, 

feeding the so stabilized fluidized bed with a sample 
feeding desire d component through a bottom 

solution containing the desxr P compon ent is bound to 

port of the column, whereby the des discharge d 

the beads and impurities of the sample sox 

t-hrouah the top port of the column, 

Hashing the column with a solution introduced through said 

bolt™ port under flow conditions maintaining the expanded 

lea whereby remaining unbound components of the sample 

eo utlon are discharged through the top port of the column. 

- introducing an elation solution into the column for 

re easing the bound sample constituents from the beads and 

collecting them, optionally by using a fraction collector. 

I. one embodiment of the invention the elation step is 
carried out by introducing the -ation solution through the 
bottom port of the column and maintaining the bed in 

expanded bed mode. applying an 

in another embodiment the gel nea is p j 
inl et flow of an appropriate conditioning buffer through the 
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upper port of the column, and by moving down an upper adapter 
to the gel surface. This buffer should of course not be 
allowed to release the desired component from the beads. The 
elution solution is then introduced through the upper port of 
the column, the sample constituents are released from the 
beads and finally collected in the outflow from the bottom 
port of the column. 

The advantages of using this method are readily 
appreciated in cases when one or more components from cell 
culture experiments are to be separated from other 
constituents of the medium. Solid cell particles, which would 
cause clogging of a packed bed can easily be removed from the 
system during the fluidized bed phase of the procedure and 
will not at all interfere. 

The invention will now be illustrated by a series of 

examples . 

Example 3. Synthesis of c m sslinked agarose beads containing 
quartz particles i0a/1 OQml. 6% agarose 
Bead formation. 

An agarose solution was prepared by stirring 57 g of 
agarose in 900 ml water at 90°C, until the agarose was 
dissolved and the viscosity of the solution was in the range 
of 250-700 CPs at 85°C. 

To the stirred agarose solution 90 g of quartz particles 
(10-70Mm, NGQ 200, Ernstroms, Sweden) was added. 
The slurry was poured into a solution of 45 g ethyl cellulose 
(N-50, Hercules, USA) in 1000 ml of toluene, at 60°C, in a 
cylindrical vessel equipped with a stirrer at 100-200 rpm. 
Approximately 20 ml of Gafen LB 400 (Gaf,USA) in toluene (1:2, 
w/v) was gradually added to give the desired bead size. The 
stirred suspension was cooled to room temperature and 1000 ml 
water was added. The mixture was left over night and the upper 
liquid phase was removed. The beads were washed with toluene, 
with water and finally wet sieved to yield a size distribution 
of 125-315 fim. 
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Crosslinking. 

crosslinking with epichlorohydrin was essentially 

performed as described by Porath et al (1971). 

Exaimle a. Sy n thesis aaarosP fegads containing quartz 
r rt^l flS . iwiooml ■ 4% agarose 

To a stirred agarose solution, prepared as in Example 1 
but with 12 g of agarose in 300 ml water, 40 g quartz (10- 
70^m, NGQ 200, Ernstroms, Sweden) was added. The slurry was 
suspended in a stirred solution of 25 g ethyl cellulose (N-50, 
Hercules, USA) in 350 ml toluene, at 60°C. After one hour the 
suspension was allowed to reach room temperature. The guartz 
containing agarose beads were washed, wet sieved and 
crossl inked as above. 

w a „ r i„ 3. sy^~-^ agarose beads containing quartz 
par-tide*- 1 70/10 "™! , fi& agarose 

A slurry of quartz in agarose solution was prepared as in 
Example 2, but with 28 g agarose in 450 ml water and with 75 g 
guartz. The suspension was suspended in a solution of 500 ml 
toluene and 50 g ethyl cellulose and stirred for 3 hours at 
60°C. After cooling to room temperature, the beads were 
washed, wet sieved and crosslinked as above. 

p vam r1 * 4. c y^^s of bead* containing quartz 

paT-ticle*. 33a/10 ""T i fi * agarose 

Prepared as in Example 3 but with 150 g quartz particles. 

w^ol. 5 . Pv-^i* of cro^in^ d dextran bParts containing 

quartz p articles. 

To a stirred solution of 16 g dextran (Mw 250 000), 3,5 g 
sodium boro hydride and 1,6 g sodium hydroxide in 4 0 ml water, 
3 g quartz particles (10-45,™, NGQ 325, Ernstroms, Sweden) 
were added. The slurry was added to a stirred solution of 
3 g Gafen LB 400 and 3 g ethyl hydroxyethyl cellulose (EHEC- 
XH, Hercules) in 75 m toluene in a round bottom flask equipped 
with a blade stirrer at 500 rpm. The stirred suspension was 
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acidic water and wet sieved as above. 

* synthesis nf poro t 
^^-in-ina cpaart Z particles 
Silanization of quartz P«*"^ 0 „ ? NGQ 200. 

A slurry of 40 g « H odium hydroxide was heated 
—r S ' Th:! ^cooled slurry was filtered and the 
«t 9 0°C for 3 ^;^ ater and dried . The quartz particles 
quartz was washed wxth ware imid azol was 

^ j fn no il toluene and 6,^=> g 
„ere transferred to 140 ml t 

aaaed. The stirred slurry was heated to 

di sethylo=tade=yl=hlorosilane was added. The J? tlltmA . 

— — ? "a ^/part^e "sheath acetone, water 
The silanxzed quartz partJ-«-j-= 

Tne sua at room temperature, 

and finally acetone and dried at ro 

suspension polymeri sati « (Mowiol 40 . 88 , US A) in 

A solution of 5 g P° lyVinyl iirt . n Qf 15 g dext ran (Mw 40 
10 0 ml water was slurry of 0,5 

000) in 150 ml water ~ - - —thyl-2- 

g benzoyl peroxxde, ^ was slowly added and *e P t at 
pentanol and 4 g sxlanxzed. qu £ilt ered and the 

75 o c for 6 hours. The cooled suspension wa^xl 
quartz containing divinyl benzene beads were 
alcohol and finally with water. 

4= ana rose Dartisles with ^ without 
£2aIBBl e 7 ^dii.enta i-inn of aqa rose_Ear 

rp^rt-^ particles. loa ded on a column 

in this experiment varxous gels were 1 
suitable for fluidized bed experiments and the hexght 
gel bed was measured at various flow rates. 

, , m ,5-280 Mm) is an agarose gel synthesized as in 
Gel i: (125-280 fim) x * further been 

Example 1 but without additxon of quartz. 
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derivatized to contain sulphonate groups which however is of 
no importance in the actual experiments. 

Gel 2: (122-250 /Ltm) is a quartz-containing agarose gel 
synthesized as in Example 1. The quartz contents was 17 g of 
quartz per 100 ml of agarose and it was further derivatized to 
contain diethylaminoethyl (DEAE) groups. 

Gel 3: (125-280 M m ) is a gel containing 33 g of quartz per 
100 ml of agarose and was synthesized as Gel 2. 

Each gel was loaded on a column (50x600 mm) and the height 
of the bed was measured. A flow of lOml/ml was applied and the 
height of the now expanded bed was measured after it had 
stabilized. The flow was increased in steps of 10 ml/min and 
the subsequent bed height was measured. The results showed 
that it was possible to apply considerably higher flow 
velocities using the beads of the invention and still working 
under stabilized fluidized bed conditions. 

Example 8- Purification of a recombinant anticoagulant protein 
from an E. coli homoaenate. 

An E.coli strain expressing the anticoagulant protein 
annexin V was grown in a complex nutrient medium in a 
fermentor. After harvest the cells were pelleted, resuspended 
in water and passed three times through a high pressure 
homogenizer. Triton X-100 was added to 0.5 % final 
concentration and the P H was adjusted to 5.5 using acetic 
acid. 

An expanded bed column (50 mm diameter, 60 cm high) was 
filled to 11.5 cm (22 5 ml) with quartz containing agarose 
beads, according to the present invention, which were charged 
with diethylaminoethyl (DEAE) groups. The gel bed was expanded 
to 30 cm at 300 cm/h linear flow rate in equilibration buffer; 
30 mM ammonium acetate, pH 5.5. At the same flow rate, 1600 ml 
of the E. coli homogenate was applied. The gel bed was then 
washed with equilibration buffer and equilibration buffer 
containing 80 mM NaCl, at 400 cm/h. The flow rate was then 
decreased to 200 cm/h and the flow direction reversed in order 
to pack the gel. The upper adapter was moved down to the bed 
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surface and bound proteins were eluted wit. 
buffer containing 250 mM BaCl at 100 cm/h. Accords to 
butrer . on a: n-F the applied annexin V 

anticoagulant activity assays 80 % of the app 

was bound and aluted from the gel. 

This purification was also successfully repeated m a 
pilot scale expanded bed column (200 mm diameter 9 - nigh, 
Ltaining 3.1 liter gel. The sample volume was 0 liter. 

Example 9. characterization of the fluidised bed lability. 

P in expanded bad column ,50 mm diameter, 60 cm high, 
containing a distributor with a hole are. o about 3 * of 
total area, was filled to 6.0 cm (118 ml) with quarts 
fining' agarose beads with a particle «-^» » * t 
range of from 100 to 270 ,». The gel was expanded to 30 cm at 

linear flow rate in distilled water. The pressure 
aroP over the distributor was 66 % of the pressure drop in the 

rpulse input of 32 ml acetone solution with a concentration 
c/o.25 , was injected into the column as a tracer in a 
"Stimulus response experiment" (see Levenspiel (197 2) ) . The 
result expressed as the "vessel dispersion number" defined 
from the model "Dispersion model for small extents of 
dispersion" was 19x10^ (for definitions see Levenspiel 

(1972)) 
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5. Support beads for use in downstream processing, 
characterized in that they comprises a polymer matrix into 
which glass or silica particles have been incorporated. 

6. Support beads according to claim 5, characterized in that 
the polymer is an, optionally crosslinked, polysaccharide. 

7. Support beads according to claim 6, characterized in that 
the polymer is agarose. 

8. Support beads according to any one of claims 5-7 
characterized by having a diameter of from 100 to 1000 /xm and 
a silica or glass contents of 5 - 50 % (wet weight) . 

9. Support beads according to any of claims 5-8 
characterized in that the glass or silica particles have a 
size distribution in the range of from 1 to 100 /xm. 

10. Support beads according to any one of claims 5-9 
characterized in that the silica particles used are quartz 
particles. 
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